ABSTRACT In a cohort study of the incidence of cancer (O/E 1-80; 95% CI 1-54-2-10), pleura (O/E 5 46; 95% CI 2-62-10-05), mediastinum (O/E 5'00; 95% C 1-01-14 61), stomach (O/E 1 -43; 95% CI 1 03-1 .93), and other male genital organs (O/E 3 03; 95% CI 1 1 1-6-60). The mortality was significantly increased for men for non-malignant pulmonary diseases (O/E 1 63; 95% CI 1-33-1-98). Among the group of asbestos cement workers with first employment 1928-40 an excess risk of laryngeal cancer was found (O/E 5'50; 95% CI 1 -77-12-82). A total of 12 cases of pleural and one of peritoneal mesotheliomas was observed when the original notification forms were reviewed for all patients with cancer in the cohort.
1-18; 95% CI 1.12-1.25), cancer mortality (O/E 1-32; 95% CI 1.19-1 46), and overall incidence of cancer (O/E 1 22; 95% Cl 1i 12-1 32) were significantly increased compared with all Danish men. This was not so among employed women. For men, significant excess risks were found for cancer of the lung (O/E 1-80; 95% CI 1-54-2-10), pleura (O/E 5 46; 95% CI 2-62-10-05), mediastinum (O/E 5'00; 95% C 1-01-14 61), stomach (O/E 1 -43; 95% CI 1 03-1 .93), and other male genital organs (O/E 3 03; 95% CI 1 1 1-6-60). The mortality was significantly increased for men for non-malignant pulmonary diseases (O/E 1 63; 95% CI 1-33-1-98). Among the group of asbestos cement workers with first employment 1928-40 an excess risk of laryngeal cancer was found (O/E 5'50; 95% CI 1 -77-12-82). A total of 12 cases of pleural and one of peritoneal mesotheliomas was observed when the original notification forms were reviewed for all patients with cancer in the cohort.
In Denmark the manufacture, import, and handling of asbestos and asbestos containing materials have been prohibited by law since 1980, with the exemption of certain asbestos cement products, brakes, and gaskets.'
Removal of old asbestos materials has to be reported by the employer to the labour inspectorate and the asbestos work has to be planned in such a way that risks to health do not occur. Individuals aged under 18 are prohibited from working with asbestos. Exposure to asbestos should be as low as possible and not exceed the permitted limit of 0 5 fibre/ml. An extension of the exemption for manufacture of asbestos cement products given by the authorities in 1984 started a discussion in Danish society about the continued use of asbestos and the associated health risks. This debate promoted the present follow up of a previous study Accepted 15 February 1988 of cancer incidence and mortality among employees of Danish Eternit-Fabrik Ltd (DEL) in Aalborg, Denmark.2
Since the beginning of this century increasing attention has been paid to the health risks associated with exposure to asbestos fibres. 3 The major health problems in relation to exposure to asbestos are asbestosis, lung cancer, and mesothelioma4 but cancer of the larynx,57 gastrointestinal tract,&'0 and other sites have also been found to be associated with exposure to asbestos by some investigators in recent years.2-" Although asbestos use is regulated and even prohibited in certain industrial countries the consumption of asbestos in the developing countries is increasing.'2 Approximately 85% of the world production of asbestos is being consumed in the asbestos cement industry, primarily used for building materials and pipes.'3 Chrysotile asbestos is the most often used in Incidence ofcancer and mortality among employees in the asbestos cement industry in Denmark asbestos cement products.
In recent years a dozen studies of workers in the asbestos cement industry have been published.2"'24
Most have been mortality studies and the findings for lung cancer have been inconsistent, which has caused a discussion of the risk of lung cancer associated with work in the asbestos cement industry. 25 In the previous Danish study 6372 men employed from 1944 to 1972 at DEL were followed up for incidence ofcancer. Excess risks ofcancers ofthe lung, stomach, larynx, penis, and prostate were observed.2 In the present study the incidence of cancer and mortality were followed up for everyone ever employed at DEL between 1928 and 1984.
Material and methods

FACTORY AND PRODUCTION PROCESS
In Denmark asbestos cement products have been manufactured in one factory only, DEL, which was founded in the provincial town ofAalborg in northern Jutland in 1927. Production began in 1928 and is still going on. Until 1980 cement was produced within the same plant. In recent years other fibre materials have replaced asbestos and from 1988 all products will be without asbestos.
Figures on the import ofraw asbestos into Denmark show that nearly 90% of the total amount has been used in the manufacture of asbestos cement products (fig 1) . The first measurements of atmospheric asbestos particles were carried out in 1948 and 1957 and showed that the highest level of particles occurred during feeding the mill and the forming vessel. The Danish National Institute of Occupational Health recently estimated that the exposure levels measured in particles per millilitre in 1948 varied between 50 and 800 f/ml and in 1957 between 10 and 100 f/ml (T Schneider, personal communication). Since 1973 quarterly measurements of respirable asbestos fibres based on personal samples have been carried out in the working area. In 1973 41 % of the exposure measurements were recorded as being above 2 f/ml.
REGISTRATION OF THE COHORT
In collaboration with DEL, information on all individuals ever employed between 1928 and 1984 by the company was extracted from the personnel file. For workers, records dating back to 1935 were kept in wage books, which provided a specific employment number, name, date ofbirth, first year ofemployment, and total wage for each year of employment. From 1 April 1968, the personal identification number was added for each person. The same information was extracted for salaried employees from employment cards also dating back to 1935.
Until 1942, different employment numbers were used for maintenance workers, asbestos cement work- By using the information about the employment numbers it is possible to separate the workforce into groups of the salaried employees, maintenance, asbestos cement, and cement workers for those first employed between 1928 and 1942. According to the company, the workers were restricted to their working area in this period, but it is possible that cement workers occasionally worked in the asbestos cement area.
FOLLOW UP FOR DEATH AND EMIGRATION
In Denmark vital status and date of death or emigration is registered in the Central Population Register (CPR) for everyone who has been living in the country Table 3 shows the observed and expected number of incident cases of cancer by site among men. A total of 580 cases of cancer were observed against 477-46 expected, with an O/E ratio of 1 22 (95% CI 1 12-1-32). The overall incidence of cancer was not increased among women (observed 32, expected 30 7; O/E 1-04; 95% CI 0-71-1-47).
RESPIRATORY SYSTEM Table 3 shows that 192 respiratory tumours were observed in the men; 162 cases of lung cancer were observed against 89-81 expected (O/E 1-80; 95% CI 1-54-2.10). Table 4 shows the incidence of lung cancer among men divided into two groups according to duration of employment and with a 15 year latency period. An increased risk of lung cancer was observed in both groups. were mesotheliomas. Table 4 shows that two of these cases were observed among men employed for less than five years, and eight cases were observed among men employed for five years or more. Table 6 shows that five of these cases were observed among the asbestos cement workers employed before 1941 and no 93 cases were observed among the cement workers. When all the original notification forms for patients with cancer in the cohort were reviewed three additional cases of mesothelioma were identified among the men. One case was notified to the cancer registry as lung cancer, one as metastasis in the lung, and one notified case of peritoneal mesothelioma had been coded as an unspecified peritoneal tumour. Table 5 shows that an excess risk of malignant tumours of the mediastinum (O/E 5-00; 95% CI 1l01-14-61) was found among the men. The risk oflaryngeal cancer was not sigpificantly raised among all the men (O/E 1-66; 95% CI 0-91-2 78) but table 6 shows a significantly raised risk of laryngeal cancer in the group of asbestos cement workers employed before 1941 (O/E 5 50; 95% CI 1 77-12-82).
DIGESTIVE ORGANS Table 3 shows that 143 malignant tumours were observed in the digestive tract in men. The relative risk was significantly raised only for stomach cancer (O/E 1 -43; 95% CI 1-03-1-93). Table 4 shows that the risk of stomach cancer was slightly higher among men with less than five years' employment than among men employed for five years or more (O/E 1-77 against O/E 1.27).
UROGENITAL TRACT studies. In the previous Danish study the overall incidence ofcancer was not increased, but an increased incidence appeared when the cohort was followed up for eight more years, and everyone ever working in the factory was included.2
In three of the previous asbestos cement studies no cases of mesothelioma were specified or observed,' 16 21 most mesotheliomas being observed in studies in which an excess risk of lung cancer was found.
In the present study 12 cases of pleural mesothelioma and one case of peritoneal mesothelioma were observed, all in men. Five were observed among the asbestos cement workers with first employment before 1941 and no cases were observed among the cement workers employed at that time. Despite the fact that the factory predominantly used chrysotile asbestos, exposure to amosite and crocidolite cannot be excluded for the cases of mesothelioma. most The excess risk of stomach cancer observed in our dusty work in the production. We know from the early study corroborates previous findings. '8 192324 Unskilled dust measurements that the peak values at some workers, who are to some extent over represented in working operations could reach 800 f/ml. Working, the cohort have an increased risk of stomach cancer in for instance, for three months in such a dusty area a Denmark (E Lynge, personal communication). In a high body burden of asbestos fibres must have been study of stomach cancer and nitrate in the drinking accumulated. Short term employees may also have water Jensen found a higher risk in the city ofAalborg been exposed to other carcinogens during their work-than in other Danish provincial towns.33 No significant ing career. From other studies of asbestos workers it is excess risks for other malignancies of the digestive known that short term workers belong to a high risk tract were seen in our study. group. 2' 3 Smoking habits among the employees at DEL have OTHER SITES never been studied, but a cross sectional study on Excess risks for prostate and penile cancer had been smoking habits among cement workers in Aalborg in observed already in the previous study by Clemmesen 1973 showed that the prevalence of smoking among and Hjalgrim-Jensen.2 All the penile cancers were cement workers was 3-4% higher than among men in carcinomas of prepuce or glans. A hypothetical the city of Aalborg.2 This difference in smoking habits explanation for the finding could be that asbestos is unlikely to explain the increased risk of lung cancer fibres interact with other risk factors such as phimosis. among men employed at the asbestos cement factory. As for laryngeal cancer, an excess risk of penile cancer 96 is difficult to show in mortality studies due to the relatively high survival rate for these patients. Thus the mortality ofurogenital cancer was not increased in our study.
No excess risk of lymphomas was found, but a nonsignificantly raised risk of multiple myeloma is in line with a suggested association with asbestos.3 Eva Valente and Thorbjmrn Sorensen helped with the data collection. Niels Christensen and Gerda Engholm provided data processing help and Annie Fosselius prepared the manuscript.
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